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7KH HQYLURQPHQWDO LPSDFWV RI FXUUHQW DJULFXOWXUDO
SUDFWLFHV DUH UHFHLYLQJ LQFUHDVHG DWWHQWLRQ $UHDV
RI SDUWLFXODU FRQFHUQ LQFOXGH VXUIDFH DQG JURXQG
ZDWHU TXDOLW\ *LOOLDP HW DO  6PLWK 
SHVWLFLGH UXQRII $OOHQ  DQG GULIW /RQJOH\ HW
DO  /RQJOH\ DQG 6RWKHUWRQ  DQG
ZLOGOLIH SRSXODWLRQV DQG ZLOGOLIH KDELWDW 3XFNHWW
HW DO  0DUFXV HW DO  9HJHWDWHG EXIIHU
VWULSV KDYH EHHQ UHFRPPHQGHG E\ YDULRXV
FRQVHUYDWLRQ DJHQFLHV WR LPSURYH ZDWHU TXDOLW\
DQG SURYLGH ZLOGOLIH KDELWDW 7KH 8QLWHG 6WDWHV
'HSDUWPHQW RI $JULFXOWXUH¶V )DUP 6HUYLFHV
$JHQF\ 1DWXUDO 5HVRXUFHV &RQVHUYDWLRQ 6HUYLFH
DQG RWKHU DJHQFLHV KDYH UHVSRQGHG E\ LQLWLDWLQJ
FRVWVKDUH SURJUDPV ZLWK ODQGRZQHUV WR OHDYH
YHJHWDWHG EXIIHU VWULSV DORQJ ILHOG HGJHV WR
SURYLGH ZLOGOLIH KDELWDW DQG WR DFW DV ILOWHU VWULSV
7KH LPSDFWV RI EXIIHU VWULSV RQ SHVW PDQDJHPHQW
LQDGMDFHQWFURSODQGVDUHQRWZHOOXQGHUVWRRG
1RQFURS KRVW SODQW LQWHUDFWLRQV KDYH EHHQ
LQYHVWLJDWHG IRU PRVW SHVWLIHURXV VSHFLHV LQ
FRWWRQ Gossypium hirsutum / 0DOYDOHV
0DOYDFHDH LQFOXGLQJ WDUQLVKHG SODQW EXJ Lygus
lineolaris 3DOLVRW GH %HDXYRLV +HWHURSWHUD
0LULGDH 6QRGJUDVV HW DO  )OHLVFKHU HW DO
 VWLQN EXJV Acrosternum hilare 6D\ DQG
Euschistus servus 6D\ +HPLSWHUD
3HQWDWRPLGDH -RQHV DQG 6XOOLYDQ 
7XUQLSVHHG DQG *UHHQ  WKH KHOLRWKLQHV
FRPSOH[ Heliothis virescens ) DQG
Helicoverpa zea %RGGLH /HSLGRSWHUD
1RFWXLGDH +DUULV DQG 3KLOOLSV  6QRGJUDVV
HW DO  6XGEULQN DQG *UDQW  WKULSV
SULPDULO\ Franklienella fusca +LQGV DQG F.
occidentalis 3HUJDQGH 7K\VDQRSWHUD
7KULSLGDH 'X5DQW HW DO  FRWWRQ DSKLG
Aphis gossypii *ORYHU +HPLSWHUD $SKLGLGDH
/HLJK HW DO  DQG WKH WZRVSRWWHG VSLGHU
PLWH Tetranychus urticae .RFK $FDUL
7HWUDQ\FKLGDH /HLJK HW DO  6WHLQNUDXV DQG
=DZLVODN
0XFK RI WKLV UHVHDUFK VXJJHVWV WKDW ZHHG\ UHIXJLD
PD\ HQKDQFH SRSXODWLRQV RI SK\WRSKDJRXV
VSHFLHV PRYLQJ LQWR FURS ILHOGV DQG HDUO\ VHDVRQ
FRQWURO RI VRPH SK\WRSKDJRXV VSHFLHV E\
WDUJHWLQJ ZHHG\ UHIXJLD KDV EHHQ SURSRVHG
%R\NLQ HW DO  +DUULV DQG 3KLOOLSV 
)OHLVFKHU HW DO  6QRGJUDVV HW DO 
&RQWURO PHWKRGV KDYH LQFOXGHG DSSURSULDWHO\
WLPHG PRZLQJ KHUELFLGH DSSOLFDWLRQV LQVHFWLFLGH
DSSOLFDWLRQV HVSHFLDOO\ PLFURELDO DJHQWV
DXWRFLGDO FRQWURO DQG WKH UHOHDVH RI SDUDVLWHV
+RZHYHU LW LV UHDVRQDEOH WR H[SHFW WKDW QRQFURS
KRVW SODQWV PD\ DOVR DIIHFW SUHGDWRU\ DUWKURSRGV
3UHGDWRU\ EHQHILFLDO LQVHFWV FDQ EH D VLJQLILFDQW
VRXUFH IRU ELRORJLFDO FRQWURO (KOHU DQG 0LOOHU
 FRQFOXGHG WKDW SUHGDWRUV DUH QXPHULFDOO\
GRPLQDQW RYHU SDUDVLWRLGV LQ DJURHFRV\VWHPV DQG
LW LV WKH SUHGDWRUV WKDW DUH SULPDULO\ UHVSRQVLEOH
IRU PDLQWDLQLQJ SHVWV EHORZ GDPDJLQJ OHYHOV
1XHVVO\ DQG 6WHUOLQJ  IRXQG SUHGDWLRQ RI
KHOLRWKLQH HJJV LQ FRWWRQ WR EH DV KLJK DV  WR
 3UHGDWLRQ E\ VXFNLQJ KHPLSWHUDQ SUHGDWRUV
UDQJHG IURP ±  ZKLOH FKHZLQJ SUHGDWRUV
DFFRXQWHG IRU  ±  RI WKH SUHGDWLRQ 7KH
LQVLGLRXV IORZHU EXJ Orius insidiosus 6D\ ZDV
WKH QXPHULFDOO\ GRPLQDQW SUHGDWRU IRXQG LQ D
7H[DV FRWWRQ VWXG\ 6DQVRQH DQG 6PLWK -U 
O. insidiosus DFFRXQWHG IRU  DQG   RI WKH
KHOLRWKLQH HJJ SUHGDWLRQ LQ WKH  \HDUV RI WKHLU
VWXG\ /DQJ HW DO  UHSRUWHG WKDW JURXQG
EHHWOHV DQG ZROI VSLGHUV PLJKW SOD\ DQ LPSRUWDQW
UROH LQ FRQWUROOLQJ OHDIKRSSHU WKULSV DQG DSKLG
SRSXODWLRQVLQDJULFXOWXUDOILHOGV
7KH SUHVHQFH RI ILHOG ERUGHU YHJHWDWLRQ PD\ KDYH
ERWK SRVLWLYH DQG QHJDWLYH HIIHFWV RQ SUHGDWRU\
LQVHFW EHKDYLRUV %XJJ  IRXQG WKDW
DJURHFRV\VWHPV ZLWK GLYHUVH YHJHWDWLRQ H[KLELW
YDULDEOH UHVXOWV GHSHQGLQJ RQ WKH QDWXUDO HQHPLHV
DQG YHJHWDWLRQ LQ TXHVWLRQ ,Q VRPH FDVHV
YHJHWDWLRQ GLYHUVLW\ FDQ OHDG WR LQFUHDVHG QDWXUDO
HQHP\ DEXQGDQFH DQG LPSURYHG FRQWURO RI
KHUELYRURXV SHVWV 7KHVH SRVLWLYH IDFWRUV FDQ EH
DWWULEXWHG WR RYHUZLQWHULQJ UHIXJLD 6RWKHUWRQ
  :DOOLQ   RYLSRVLWLRQ VLWHV
'XQEDU  DQG DOWHUQDWLYH IRRG VRXUFHV VXFK
DV SROOHQ DQG QHFWDU DQG DOWHUQDWH SUH\ WR VXVWDLQ
KLJK SRSXODWLRQ GHQVLWLHV %XJJ HW DO 
&RQYHUVHO\ WKHVH VDPH YHJHWDWLRQ IHDWXUHV FDQ
VHUYH DV UHIXJLD DQG RYHUZLQWHULQJ VLWHV IRU SHVW
VSHFLHV 6QRGJUDVV HW DO  $GGLWLRQDOO\ WKH
SUHVHQFH RI IORUDO UHVRXUFHV %XJJ HW DO  DQG
DOWHUQDWLYH SUH\ 3HUULQ  PD\ VHUYH WR UHGXFH
WKH GLVSHUVDO RI EHQHILFLDO DUWKURSRGV LQWR
DGMDFHQWFURSV
6HDVRQDO LQVHFW SRSXODWLRQ WUHQGV DUH ZHOO
GRFXPHQWHG LQ FRWWRQ /HLJK HW DO  EXW
LQIRUPDWLRQ RQ WKH HIIHFWV RI DGMDFHQW ZHHGV RQ
DUWKURSRGV DQG WKH FURS LV ODFNLQJ 0RVW UHVHDUFK
RQ KHOLRWKLQHV DQG ZHHGV ZDV FRQGXFWHG LQ WKH
0LVVLVVLSSL 'HOWD ZKLOH VLJQLILFDQW UHVHDUFK RQ
SHQWDWRPLGV DQG SODQW EXJV KDV EHHQ FDUULHG RXW
LQ 6RXWK &DUROLQD DQG RWKHU VWDWHV OLWWOH ZRUN RI
WKLV W\SH KDV EHHQ FRQGXFWHG WR GDWH XQGHU 1RUWK
&DUROLQD JURZLQJ FRQGLWLRQV 7KH QHW HIIHFW RI
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH IHUDO IDOORZ YHJHWDWLRQ ERUGHUV RQ DJULFXOWXUDO
V\VWHPV LV QRW NQRZQ HVSHFLDOO\ LQ HDVWHUQ 1RUWK
&DUROLQD ,W LV YHU\ OLNHO\ WKDW ILHOG ERUGHUV RU
VLPLODU SUDFWLFHV ZLOO EH PDQGDWRU\ LQ FHUWDLQ
ZDWHUVKHGV WR UHGXFH QXWULHQW RU SHVWLFLGH UXQRII
.QRZOHGJH RI WKH LPSDFWV RI ILHOG ERUGHUV RQ
DGMDFHQW FURSV ZLOO EH YDOXDEOH WR JURZHUV IDFHG
ZLWK PDQGDWRU\ HVWDEOLVKPHQW RI ERUGHUV IRU
ZDWHUVKHG JRDOV RU IRU WKRVH ZLOOLQJ WR HQWHU LQWR
JRYHUQPHQW VSRQVRUHG FRVWVKDUH DJUHHPHQWV IRU
DGGLWLRQDO IDUP LQFRPH 7KHUHIRUH WKH JRDO RI WKLV
VWXG\ ZDV WR FRPSDUH UHODWLYH SRSXODWLRQ VL]HV IRU
VHYHUDO VSHFLHV RI HQWRPRSKDJRXV DQG
SK\WRSKDJRXV VSHFLHV EHWZHHQ ILHOGV ZLWK IHUDO
YHJHWDWLRQ ILHOG ERUGHUV DQG ILHOGV ZLWKRXW VXFK
ERUGHUV
Materials and Methods
Study site and experimental design
7KLV VWXG\ ZDV FRQGXFWHG RQ RQH 1RUWK &DUROLQD
VLWH ZKLFK LQFOXGHG SDUWV RI :LOVRQ 3LWW DQG
(GJHFRPEH FRXQWLHV IURP  WR  7KH DUHD
LV D PL[HG DJULFXOWXUDO UHJLRQ ZLWK D PRVDLF RI
DUDEOH ILHOGV SLQH SODQWDWLRQV SDVWXUHV DQG
PL[HG GHFLGXRXVHYHUJUHHQ IRUHVWV 7KH DYHUDJH
HOHYDWLRQ RI WKLV VLWH LV DSSUR[LPDWHO\  P 7KLV
XSSHU FRDVWDO SODLQ ODQGVFDSH KDV D PLQLPDO
VORSH UHTXLULQJ DOO ILHOGV LQ WKH UHJLRQ WR KDYH D
± P GHHS GUDLQDJH GLWFK DURXQG WKH SHULPHWHU
ZLWK WKH H[FHSWLRQ RI DQ RFFDVLRQDO IRUHVWHG HGJH
&RQYHQWLRQDO PDQDJHPHQW RI ILHOG HGJHV ZDV E\
DQQXDO PRZLQJ IROORZLQJ FURS KDUYHVW
8QFXOWLYDWHG YHJHWDWHG ILHOG ERUGHUV ZHUH
HVWDEOLVKHG VXUURXQGLQJ VHOHFWHG ZKROH ILHOGV LQ
WKH VWXG\ DUHD LQ  DQG PDLQWDLQHG WKURXJK
 7KH ILHOG ERUGHUV XVHG LQ WKH H[SHULPHQW
KDG D IHUDO KHUEDFHRXV ERUGHU DSSUR[LPDWHO\  P
ZLGH DURXQG WKH ILHOG SHULPHWHU EHWZHHQ WKH
GLWFK FURZQ DQG WKH FURS %RUGHUV ZHUH
PDLQWDLQHG E\ WDUJHWHG KHUELFLGH DSSOLFDWLRQV
WKURXJK ORZ YROXPH QRGULIW ZLSHRQ RU IRDP
EUXVK DSSOLFDWRUV :DUVRQ HW DO  7KHVH
GHYLFHV DSSOLHG V\VWHPLF KHUELFLGH RQO\ WR
HPHUJHQW ZRRG\ YHJHWDWLRQ WKDW H[WHQGLQJ DERYH
WKH GHVLUHG ERUGHU FDQRS\ KHLJKW DQG JUHDWO\
UHGXFHG RU HOLPLQDWHG WKH QHHG IRU PRZLQJ 7KLV
PHWKRG GLG QRW VXIILFLHQWO\ VXSSUHVV WKH JURZWK
RIOREOROO\SLQHV Pinus taedaDQGRFFDVLRQDOWUHHV
RI RWKHU VSHFLHV WKXV WDUJHWHG VSUD\LQJ E\ KDQG
RU PDQXDO FKRSSLQJ FRQWUROOHG WKH UHPDLQLQJ
ZRRG\ YHJHWDWLRQ 7KH FRQWURO ILHOGV UHFHLYHG
FRQYHQWLRQDO DJULFXOWXUDO WUHDWPHQW E\ EHLQJ
IDUPHG ZLWKLQ ± P RI WKH GLWFK EDQN RU ILHOG
PDUJLQZLWKWKHGLWFKHVPRZHGDWOHDVWDQQXDOO\
)LHOG ERUGHU WUHDWPHQWV ZHUH HVWDEOLVKHG LQ WZR
VHSDUDWH FRQWLJXRXV XQLWV RI  DQG  KD
LQFOXGLQJ ILHOGV UHVLGHQWLDO DUHDV URDGV DQG
DVVRFLDWHG IRUHVWHG ODQG 7KH FRPELQHG WRWDO RI
WKH  XQLWV FRQWDLQHG  ILHOGV RFFXS\LQJ 
KD RU  RI WKH WRWDO DUHD $YHUDJH ILHOG VL]H
ZDV  KD 7KH ERUGHUV RFFXSLHG    KD
RIWKHILHOGDUHDLQWKHERUGHUWUHDWPHQWVLWHV
7KH YHJHWDWLRQDO FRPSRVLWLRQ RI WKH ILHOG ERUGHUV
DQG ILHOG HGJHV LQ FRQYHQWLRQDO ILHOGV ZDV
DVVHVVHG XVLQJ D PRGLILHG 'DXEHQPLUH JULG
'DXEHQPLUH  LQ  DQG  IROORZLQJ
WKH PHWKRG GHVFULEHG E\ 0DUFXV 
0HDVXUHPHQWV ZHUH WDNHQ DW  DQG  P IURP WKH
FURZQRIWKHDGMDFHQWGUDLQDJHGLWFK
$ WRWDO RI  FRWWRQ ILHOGV ILYH ILHOGV ZLWK ERUGHUV
H[SHULPHQWDO DQG ILYH FRQYHQWLRQDOO\ IDUPHG
ILHOGV ZLWKRXW ERUGHUV FRQWURO ZHUH VHOHFWHG
HDFK \HDU )LHOGV VHOHFWHG IRU VDPSOLQJ ZHUH QHYHU
DGMDFHQW WR RQH DQRWKHU $W OHDVW RQH ILHOG RU D
VLJQLILFDQW SK\VLFDO EDUULHU VXFK DV D ZRRGORW RU
PDLQWDLQHG URDG VHSDUDWHG DOO ILHOGV LQFOXGHG LQ
WKH VWXG\ HDFK \HDU :LWKLQ HDFK ILHOG WZR
VDPSOLQJ DUHDV ZHUH HVWDEOLVKHG (DFK DUHD ZDV
DSSUR[LPDWHO\  P ZLGH UDQ SHUSHQGLFXODU WR D
WDUJHW ILHOG HGJH DQG ZDV ORFDWHG D PLQLPXP RI
 P IURP WKH DGMDFHQW VLGHV RI WKH ILHOG )LHOG
VHOHFWLRQ UHTXLUHG WKDW WKH URZV UXQ SDUDOOHO WR WKH
WDUJHW ILHOG HGJH WKURXJKRXW WKH OHQJWK RI WKH
VDPSOLQJ DUHD ,I D ILHOG ZDV ZLGH HQRXJK
VDPSOLQJ DUHDV ZHUH HVWDEOLVKHG RQ RSSRVLWH VLGHV
RI WKH ILHOG )LJXUH D ,I ILHOGV ZHUH WRR QDUURZ
RU WKH RSSRVLWH VLGH FRXOG QRW DFFRPPRGDWH D
VDPSOLQJ DUHD ERWK ZHUH ORFDWHG RQ WKH VDPH VLGH
)LJXUH E 6DPH VLGH VDPSOLQJ DUHDV ZHUH D
PLQLPXP RI  P DSDUW ,Q  DQG  WKH
FURS FRPSOH[ FRQVLVWHG RI FRWWRQ G. hirsutum
VR\EHDQ, Glycine max / 0HUULOO FRUQ Zea
mays / DQG WREDFFR Nicotiana tabacum / LQ
URWDWLRQ &RUQ ZDV UHPRYHG IURP WKH URWDWLRQ
DIWHU  )LHOGV ZHUH QRW VHOHFWHG WKDW IROORZHG
WREDFFR IRU VDPSOLQJ LQ DQ\ \HDU RI WKH VWXG\ 7R
WKH EHVW RI RXU NQRZOHGJH QR VHOHFWHG ILHOGV ZHUH
HYHU SODQWHG ZLWK WKH VDPH FURS IRU WZR
FRQVHFXWLYH \HDUV 7KHUHIRUH VDPSOHG FRWWRQ
ILHOGV ZHUH SODQWHG LQ HLWKHU VR\EHDQ RU FRUQ
UHVLGXH LQ  DQG  DQG RQO\ VR\EHDQ
UHVLGXHLQ
Agronomic methods
7KH VDPH JURZHU WHQGHG DOO ILHOGV WKURXJKRXW WKH
VWXG\ DQG DJURQRPLF PDQDJHPHQW ZLWKLQ HDFK





WUHDWPHQWV ,Q DOO \HDUV FRWWRQ ZDV SODQWHG LQ 
P URZV )LHOGV ZHUH FRQYHQWLRQDOO\ WLOOHG LQ 
DQG SODQWHG YLD VWULSWLOODJH LQ  DQG 
6RPH JO\SKRVDWH WROHUDQW YDULHWLHV ZHUH SODQWHG
EXW WUDQVJHQLF YDULHWLHV LQFRUSRUDWLQJ Bacillus
thuringiensis %W HQGRWR[LQV ZHUH QHYHU XVHG LQ
WKHFRXUVHRIWKHVWXG\
$OO FRWWRQ ILHOGV LQ  ZHUH SODQWHG ZLWK 'HOWD
3LQH  D PHGLXP PDWXULW\ YDULHW\ EHWZHHQ 
0D\ DQG  0D\ &RWWRQ UHFHLYHG DQ LQIXUURZ
WUHDWPHQW RI  NJKD RI DOGLFDUE D V\VWHPLF
LQVHFWLFLGHQHPDWLFLGH DW SODQWLQJ $GGLWLRQDO
LQSXWV LQFOXGHG PHWDOD[\O  3&1% DQG
IOXRPHWXURQ DW SODQWLQJ +HUELFLGH WUHDWPHQWV RI
IOXRPHWXURQ 060$ DQG F\DQD]LQH ZHUH DSSOLHG
EHWZHHQ  0D\ DQG  -XQH $ VHFRQG KHUELFLGH
DSSOLFDWLRQ RI SURPHWU\Q 060$ DQG F\DQD]LQH
ZDV DSSOLHG EHWZHHQ  -XQH DQG  -XQH 7KH
ILUVW KHOLRWKLQHWDUJHWLQJ IROLDU LQVHFWLFLGH
WUHDWPHQW RI  JKD RI ODPEGDF\KDORWKULQ
ZDV DSSOLHG DHULDOO\ WR DOO ILHOGV RQ  -XO\ DQG
IROORZHG E\ DQRWKHU DHULDO DSSOLFDWLRQ RI 
JKD RI HVIHQYDOHUDWH WR DOO ILHOGV RQ  -XO\ 
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,Q  DOO H[SHULPHQWDO FRWWRQ ILHOGV ZHUH
SODQWHG ZLWK 'HOWD 3LQH  55 D
JO\SKRVDWHWROHUDQW PHGLXP PDWXULW\ YDULHW\ $OO
FRQWURO ILHOGV ZHUH PHGLXP PDWXULQJ YDULHWLHV
ZLWK  ILHOGV RI JO\SKRVDWHWROHUDQW 'HOWD 3LQH
 55 DQG  ILHOGV RI 'HOWD 3LQH  D
FRQYHQWLRQDO YDULHW\ )LHOGV ZHUH SODQWHG EHWZHHQ
 0D\ DQG  0D\ $OO ILHOGV UHFHLYHG DQ LQIXUURZ
WUHDWPHQW RI  NJKD RI DOGLFDUE DW SODQWLQJ
$GGLWLRQDO WUHDWPHQWV RI PHWDOD[\O  3&1% ZHUH
DOVR DSSOLHG DW SODQWLQJ 7KH  FRQYHQWLRQDO
YDULHW\ ILHOGV ZHUH DOVR WUHDWHG ZLWK IOXRPHWXURQ
DW SODQWLQJ %HWZHHQ  0D\ DQG  0D\ DOO
JO\SKRVDWHWROHUDQW ILHOGV ZHUH WUHDWHG ZLWK
DSSOLFDWLRQV RI JO\SKRVDWH ZKLOH WKH FRQYHQWLRQDO
ILHOGV ZHUH WUHDWHG ZLWK KHUELFLGH WUHDWPHQWV RI
IOXRPHWXURQ 060$ DQG F\DQD]LQH )LHOGV ZHUH
WUHDWHG ZLWK DQRWKHU DSSOLFDWLRQ RI 060$ DQG
F\DQD]LQH EHWZHHQ  -XQH DQG  -XQH
+HOLRWKLQHWDUJHWLQJ IROLDU LQVHFWLFLGH WUHDWPHQWV
RI  JKD RI ODPEGDF\KDORWKULQ DQG 
JKD RI HVIHQYDOHUDWH ZHUH DSSOLHG WR DOO ILHOGV
ZLWK D KLJKER\ VSUD\HU RQ  -XO\ DQG  -XO\
UHVSHFWLYHO\ $ JURZWK UHJXODWRU PHSLTXDW
FKORULGHZDVDSSOLHGDVQHHGHG
$OO ILHOGV LQ  ZHUH SODQWHG ZLWK )LEHU0D[
 D FRQYHQWLRQDO PHGLXP PDWXULW\ YDULHW\
EHWZHHQ  $SULO DQG  0D\ $Q LQIXUURZ
WUHDWPHQW RI  NJ KD DOGLFDUE ZDV DSSOLHG DW
SODQWLQJ 0HWDOD[\O  3&1% IOXRPHWXURQ DQG
SHQGLPHWKDOLQ ZHUH DOVR DSSOLHG DW SODQWLQJ
+HUELFLGH WUHDWPHQWV RI IOXRPHWXURQ 060$ DQG
F\DQD]LQH ZHUH DSSOLHG EHWZHHQ  0D\ DQG 
-XQH $ VHFRQG KHUELFLGH DSSOLFDWLRQ RI
SURPHWU\Q 060$ DQG F\DQD]LQH ZDV DSSOLHG
EHWZHHQ  -XQH DQG  -XQH 7KH ILUVW IROLDU
LQVHFWLFLGH WUHDWPHQW IRU KHOLRWKLQHV RI  JKD
RI ODPEGDF\KDORWKULQ ZDV DSSOLHG ZLWK D KLJKER\
VSUD\HU EHWZHHQ  $XJXVW DQG  $XJXVW $QRWKHU
KLJKER\ WUHDWPHQW RI  JKD RI HVIHQYDOHUDWH
ZDV DSSOLHG EHWZHHQ  $XJXVW DQG  $XJXVW $
JURZWK UHJXODWRU PHSLTXDW FKORULGH ZDV DSSOLHG
DVQHHGHG





Order: Family Common name Scientific name Abbreviation Years Method Damage
Phytophagous species
+RPRSWHUD$SKLGLGDH FRWWRQDSKLG Aphis gossypii *ORYHU  9,68$/ IROLDJH
/HSLGRSWHUD1RFWXLGDH EROOZRUP Helicoverpa zea %RGGLH =($  9,68$/ IUXLWIORZHU
/HSLGRSWHUD1RFWXLGDH VR\EHDQORRSHU Pseudoplusia includens :DONHU 6%/  61 IROLDJH
/HSLGRSWHUD$UFWLLGDH VDOWPDUVKFDWHUSLOODU Estigmene acrea 'UXU\ 60&  61 IROLDJH
&ROHRSWHUD6FDUDEDHLGDH -DSDQHVHEHHWOH Popillia japonica 1HZPDQ -3% 61 IROLDJH
+HPLSWHUD3HQWDWRPLGDH JUHHQVWLQNEXJ Acrosternum hilare 6D\ *56  61 IUXLWIORZHU
+HPLSWHUD3HQWDWRPLGDH EURZQVWLQNEXJ Euschistus servus 6D\ %56  61 IUXLWIORZHU
+HPLSWHUD0LULGDH WDUQLVKHGSODQWEXJ Lygus lineolaris 3DOLVRWGH%HDXYRLV 73%  6175$3 IUXLWIORZHU
7K\VDQRSWHUD WKULSV  9,68$/ VHHGOLQJ
$FDUL7HWUDQ\FKLGDH WZRVSRWWHGVSLGHUPLWH Tetranychus urticae .RFK  9,68$/ IROLDJH
Entomophagus species
+HPLSWHUD1DELGDH GDPVHOEXJV Nabis VSS '$0  61
+HPLSWHUD3HQWDWRPLGDH VSLQHGVROGLHUEXJ Podisus maculiventris 6D\ 66%  61
+HPLSWHUD/\JDHLGDH ELJH\HGEXJV Geocoris VSS %(%  61
+HPLSWHUD$QWKRFRULGDH LQVLGLRXVIORZHUEXJ Orius insidiosus (Say) ,)%  61
+HPLSWHUD5HGXYLLGDH DVVDVVLQEXJV $6%  61
1HXURSWHUD&KU\VRSLGDH JUHHQODFHZLQJV /$&  61
1HXURSWHUD+HPHURELLGDH EURZQODFHZLQJV /$&  61
&ROHRSWHUD&DUDELGDH JURXQGEHHWOHV  3,7)$//
&ROHRSWHUD&LFLQGHOLGDH WLJHUEHHWOHV Cicindela VSS  3,7)$//
&ROHRSWHUD&LFLQGHOLGDH WLJHUEHHWOHV Megacephala VSS  3,7)$//
&ROHRSWHUD&RFFLQHOOLGDH VHYHQVSRWWHGODG\EHHWOH Coccinella septempunctata /'%  61
&ROHRSWHUD&RFFLQHOOLGDH $VLDQODG\EHHWOH Harmonia axyridis /'%  61
&ROHRSWHUD&RFFLQHOOLGDH FRQYHUJHQWODG\EHHWOH Hippodamia convergens /'%  61
&ROHRSWHUD&RFFLQHOOLGDH SLQNVSRWWHGODG\EHHWOH Coleomegilla maculata /'%  61
&ROHRSWHUD6WDSK\OLQLGDH URYHEHHWOHV  3,7)$//
&ROHRSWHUD0HO\ULGDH VRIWIORZHUEHHWOH Collops quadricaculatus ) &2/  61
$FDUL VSLGHUV 63,  613,7)$//
7DEOH  'HVFULSWLRQV RI VDPSOHV WDNHQ DV SUH RU
SRVWLQVHFWLFLGH UHIHU WR WKH IROLDU DSSOLFDWLRQV
QRWWKHLQIXUURZDSSOLFDWLRQVRIDOGLFDUE
Arthropod sampling
6HYHUDO PHWKRGV ZHUH HPSOR\HG WR VDPSOH IRU
GLIIHUHQW DUWKURSRG VSHFLHV $OO SK\WRSKDJRXV DQG
HQWRPRSKDJRXV VSHFLHV VWXGLHG DUH OLVWHG E\ \HDU
PHWKRG DQG GDPDJH W\SH LQ 7DEOH  6DPSOLQJ
ZDV FRQGXFWHG DW    DQG  P GLVWDQFHV
IURP WKH ILHOG HGJH LQ HDFK VDPSOLQJ DUHD H[FHSW
ZKHUHRWKHUZLVHQRWHG
,Q  DQG  DW FURS HPHUJHQFH WKULSV
SRSXODWLRQV ZHUH DVVHVVHG E\ ZKROH SODQW
VDPSOLQJV RI  VHHGOLQJV DW HDFK GLVWDQFH LQ HDFK
WUDQVHFW 6DPSOLQJ GDWHV ZHUH  0D\  DQG 
-XQH  6DPSOHG SODQWV KDG D PHDQ RI 
OHDYHV ZLWK D UDQJH RI  WR  LQ  DQG D PHDQ RI
 OHDYHV ZLWK D UDQJH RI  WR  LQ  3ODQWV
ZHUH H[FLVHG DW JURXQG OHYHO DQG SODFHG LQ  /
JODVV FDQQLQJ MDUV ZLWK VRDS\ ZDWHU WR GLVORGJH
WKH WKULSV 7KH MDU DQG MDU FRQWHQWV ZHUH ZDVKHG
DQG ILOWHUHG WKURXJK D  PLFURPHWHU 86$
6WDQGDUG QXPEHU VLHYH WR UHPRYH GHEULV 7KH
WKULSV ZHUH SUHVHUYHG LQ  HWK\O DOFRKRO DQG
ODWHU LGHQWLILHG DQG FRXQWHG ZLWK WKH DLG RI D
GLVVHFWLQJPLFURVFRSH
,QVHFW YDFXXPV DQG RWKHU PHWKRGV (OOLQJWRQ
 FDQ EH PRUH DFFXUDWH VDPSOLQJ PHWKRGV
WKDQ VZHHS QHWWLQJ IRU FHUWDLQ VSHFLHV RI
DUWKURSRGV 7KH JRDO RI WKLV VWXG\ ZDV WR FRPSDUH
UHODWLYH SRSXODWLRQ VL]HV EHWZHHQ ILHOGV ZLWK
ERUGHUV DQG WKRVH ZLWKRXW )RU WKLV JRDO WKH
VZHHS QHW PHWKRG ZDV GHHPHG VXIILFLHQW 7KH
VZHHS QHW LV VWLOO WKH SUHVFULEHG PHWKRG IRU LQVHFW
VFRXWLQJ IRU PDQ\ VSHFLHV LQ FRWWRQ 1RUWK
&DUROLQD &RRSHUDWLYH ([WHQVLRQ 6HUYLFH 
6ZHHS QHW VDPSOHV ZHUH WDNHQ RQFH D ZHHN
WKURXJKRXW WKH JURZLQJ VHDVRQ EHJLQQLQJ ZKHQ
WKH SODQWV KDG DW OHDVW  WUXH OHDYHV (DFK VZHHS
QHW VDPSOH FRQVLVWHG RI  SHQGXOXPVW\OH VZHHSV
WKURXJK  URZV RI FRWWRQ ZLWK D  FP GLDPHWHU
FDQYDV VZHHS QHW 7DUJHW VSHFLHV ZHUH FRXQWHG
DQG DOO VSHFLPHQV UHOHDVHG 6ZHHS QHW VDPSOHV
ZHUH FROOHFWHG RQ  GDWHV LQ  DQG 
LQFOXGLQJ  SUHLQVHFWLFLGH GDWHV DQG 
SRVWLQVHFWLFLGH GDWHV LQ  DQG 
SUHLQVHFWLFLGH GDWHV DQG  SRVWLQVHFWLFLGH GDWHV
LQ  7R FRPSHQVDWH IRU LQFRQVLVWHQFLHV IURP
DQ LQH[SHULHQFHG REVHUYHU GXULQJ ZHHN  LQ
 WKRVH VDPSOHV KDOI RI WKH WRWDO IRU WKH ZHHN
ZHUH GLVFDUGHG ,Q  EHFDXVH RI LQVHFWLFLGH
VSUD\LQJ GXULQJ ZHHN  DOO FRQWURO ILHOGV DQG 
H[SHULPHQWDO ILHOGV ZHUH VDPSOHG EHIRUH VSUD\LQJ
ZKLOH WKH UHPDLQLQJ  H[SHULPHQWDO ILHOGV ZHUH
VDPSOHG IROORZLQJ WKH DSSOLFDWLRQ RI LQVHFWLFLGH
7KH  GDWD LQFOXGHG ZHHN  LQ WKH
SUHLQVHFWLFLGDO DQG SRVWLQVHFWLFLGDO JURXSLQJV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH EXW WKDW GDWD ZDV QRW DQDO\]HG LQGLYLGXDOO\ GXH WR
WKH GHFUHDVHG VDPSOH VL]H 6DPSOLQJ LQ  RQO\
LQFOXGHG  XVDEOH ZHHNV GXH WR  KXUULFDQHV
LPSDFWLQJ WKH VWXG\ DUHD 3UHLQVHFWLFLGH VDPSOHV
ZHUH FROOHFWHG RQ  GDWHV DQG SRVWLQVHFWLFLGH
VDPSOHVRQRQHGDWHLQ
2QFH FRWWRQ UHDFKHG UHSURGXFWLYH JURZWK VWDJHV
ZHHNO\ H[DPLQDWLRQV RI VTXDUHV DQG EROOV ZHUH
GRQH E\ UDQGRPO\ VHOHFWLQJ  IUXLWLQJ IRUPV SHU
VDPSOH 7KH WLPLQJ RI YLVXDO VDPSOLQJ FRLQFLGHG
ZLWK WKH RQVHW RI WKH ) JHQHUDWLRQ EROOZRUP
IOLJKW 7KLV IOLJKW ZDV PRQLWRUHG E\ KHOLRWKLQH
PRWK FDSWXUHV LQ EODFNOLJKW WUDSV DW WKH IDUP
KHDGTXDUWHUV ,Q  DQG  REVHUYDWLRQV ZHUH
PDGH IRU WKH QXPEHU RI GDPDJHG EROOV RQ 
SUHLQVHFWLFLGH GDWHV DQG  SRVWLQVHFWLFLGH GDWHV
,Q  REVHUYDWLRQV LQFOXGHG  GDWHV HDFK IRU
SUHLQVHFWLFLGH DQG SRVWLQVHFWLFLGH SHULRGV ,Q
 WKHVH REVHUYDWLRQV ZHUH FRQGXFWHG DW WKH 
P DQG  P GLVWDQFHV ,Q  DQG 
REVHUYDWLRQV ZHUH FRQGXFWHG DW WKH  P  P 
P DQG  P GLVWDQFHV ,QVHFWLFLGH VSUD\LQJ
GXULQJ ZHHN  LQ  UHGXFHG WKH VDPSOH VL]H WR
FRQWUROILHOGVDQGRQO\H[SHULPHQWDOILHOGV
 SODQW WHUPLQDOV ZHUH H[DPLQHG SHU VDPSOH IRU
WKH SUHVHQFH RI KHOLRWKLQH HJJV DQG SDUDVLWL]HG
KHOLRWKLQH HJJV DW WKH RQVHW RI WKH KHOLRWKLQH IOLJKW
LQ  7HUPLQDO LQVSHFWLRQV ZHUH FDUULHG RXW LQ
 RQ RQH SUHLQVHFWLFLGH GDWH DQG 
SRVWLQVHFWLFLGH GDWHV ,Q  WKH YLVXDO
LQVSHFWLRQV RI WHUPLQDOV LQFOXGHG VDPSOLQJ 
WHUPLQDOV IRU WKH QXPEHU RI KHOLRWKLQH HJJV
SUHVHQW QXPEHU RI KHOLRWKLQHV SUHVHQW DQG WKH
QXPEHU RI WHUPLQDOV ZLWK IROLDU GDPDJH GXH WR
KHOLRWKLQH IHHGLQJ :KHUH ILHOG ZLGWK ZDV
VXIILFLHQW GLVWDQFHV IRU YLVXDO LQVSHFWLRQV RI
WHUPLQDOV ZHUH H[SDQGHG WR  DQG  P IURP WKH
ILHOG PDUJLQ LQ  RQO\ 7KHVH WHUPLQDO
LQVSHFWLRQV ZHUH FRQGXFWHG RQ  SUHLQVHFWLFLGH
GDWHVDQGRQHSRVWLQVHFWLFLGHGDWH
6SLGHU PLWH LQFLGHQFH ZDV DVVHVVHG E\ UDQGRPO\
VHOHFWLQJ  OHDYHV DW HDFK GLVWDQFH 7KLV PHWKRG
GLG QRW DWWHPSW WR DVVHVV WKH QXPEHU RI PLWHV SHU
OHDI EXW UDWKHU ZDV D ELQRPLDO VDPSOH RI WKH
QXPEHU RI OHDYHV ZLWK PLWHV DQG DSKLGV SUHVHQW
2XU PLWH LQVSHFWLRQV LQFOXGHG  SUHLQVHFWLFLGH
GDWHV LQ  $Q LQH[SHULHQFHG REVHUYHU DVVLVWHG
ZLWK VDPSOLQJ GXULQJ ZHHN  RI WKDW \HDU WKRVH
VDPSOHV FROOHFWHG E\ WKLV REVHUYHU ZKLFK ZHUH
KDOI RI WKH WRWDO IRU WKH ZHHN ZHUH GLVFDUGHG ,Q
 PLWH FRXQWV ZHUH FRQGXFWHG RQ 
SUHLQVHFWLFLGH GDWHV DQG  SRVWLQVHFWLFLGH GDWHV
7KH  VSLGHU PLWH FRXQWV LQYROYHG 
SUHLQVHFWLFLGH GDWHV DQG D VLQJOH SRVWLQVHFWLFLGH
GDWH $SKLG GDWD ZHUH FROOHFWHG XVLQJ D VLPLODU
SURWRFRO ERWK \HDUV EXW LQFLGHQFH ZDV WRR ORZ WR
SHUPLWPHDQLQJIXODQDO\VHV
3LWIDOO WUDSV ZHUH SODFHG RQFH GXULQJ WKH  DQG
 JURZLQJ VHDVRQV WR FROOHFW HSLJHDO
DUWKURSRGV 7KHVH WUDSV ZHUH DFWLYH IRU  GD\V
HDFK WLPH GHSOR\HG IURP  -XO\ WR  -XO\ 
DQG  -XO\ WR  -XO\   PO GLVSRVDEOH FXSV
ZHUH XVHG ZLWK DQ RSHQLQJ GLDPHWHU RI  FP
7KHVH FXSV ZHUH EXULHG LQ WKH VRLO VR WKDW WKH
VXUIDFH ZDV IOXVK ZLWK WKH VRLO VXUIDFH  RI
SURS\OHQH JO\FROZDWHU ZDV DGGHG WR EHWZHHQ 
DQG  RI WKH FXS¶V YROXPH DV D NLOOLQJ DJHQW DQG
WHPSRUDU\ SUHVHUYDWLYH 7KH SLWIDOO WUDSV ZHUH
ORFDWHG EHWZHHQ WKH FURS URZV LQ  DQG
SRVLWLRQHG DW  P DQG  P IURP WKH ILHOG
PDUJLQ ,Q  WUDSV ZHUH ORFDWHG ZLWKLQ WKH
FURS URZV DQG ZHUH SODFHG  P DZD\ IURP WKH
FURS LQWR WKH DGMDFHQW ILHOG PDUJLQ DQG ZLWKLQ WKH
FURS ILHOG DW  P DQG  P IURP WKH ILHOG PDUJLQ
$UWKURSRGV ZHUH LGHQWLILHG WR IDPLO\ RQO\ LQ 
ZLWK WKH H[FHSWLRQ RI 2UWKRSWHUD ZKLFK LQFOXGHG
ERWK $FULGLGDH DQG *U\OOLGDH DQG VSLGHUV
$UDQHDH 2WKHU WDUJHWHG IDPLOLHV ZHUH
&DUDELGDH &LFLQGHOLGDH 6WDSK\OLQLGDH DQG
)RUPLFLGDH ,Q  SLWIDOO VSHFLPHQ
LGHQWLILFDWLRQ ZDV PRUH GHWDLOHG IRU WKH
&LFLQGHOLGDH DQG 2UWKRSWHUD &LFLQGHOLGV ZHUH
LGHQWLILHG WR WKH  JHQHUD SUHVHQW LQ WKH DUHD
Megacephala VSS DQG Cicindela VSS
2UWKRSWHUDQV ZHUH FRXQWHG VHSDUDWHO\ DV HLWKHU
$FULGLGDH RU *U\OOLGDH 7UDS FRQWHQWV ZHUH ILOWHUHG
WKURXJK D PLFURPHWHU 86$ 6WDQGDUG
QXPEHU  VLHYH WR UHPRYH GHEULV EXW ODUJHU
GHEULV ZDV UHPRYHG E\ KDQG 7KH DUWKURSRGV
ZHUH SUHVHUYHG LQ  HWK\O DOFRKRO DQG ZHUH
ODWHU LGHQWLILHG DQG FRXQWHG ZLWK WKH DLG RI D
GLVVHFWLQJPLFURVFRSH
Statistical analysis
'DWD IURP WKH VDPSOHV IURP WKH  VDPSOLQJ DUHDV
IRU HDFK PHWKRG ZHUH DYHUDJHG WR SURGXFH D PHDQ
IRU HDFK ILHOG $OO GDWD ZHUH WKHQ VXEMHFWHG WR DQ
DQDO\VLV RI YDULDQFH XVLQJ 352& */0 LQ 6$6
6$6 ,QVWLWXWH  XVLQJ VTXDUHURRW
WUDQVIRUPHG GDWD 7KH JURZLQJ VHDVRQ ZDV
GLYLGHG LQWR SUHLQVHFWLFLGH VDPSOHV DQG
SRVWLQVHFWLFLGH VDPSOHV DQG DQDO\]HG 7KH
VWDWLVWLFDO GHVLJQ ZDV D UDQGRPL]HG FRPSOHWH
EORFN GHVLJQ ZLWK UHSOLFDWLRQ RYHU WLPH WKH
VDPSOLQJ GDWHV EHLQJ WKH UHSOLFDWHV 0XOWLSOH
VDPSOLQJ ZHHNV ZHUH SRROHG WR GHWHUPLQH LI WKHUH
ZDV DQ RYHUDOO HIIHFW IRU ILHOG ERUGHUV FRQWULEXWLQJ





Control Experimental Control Experimental
Mean SEM (n) Mean SEM (n) Mean SEM (n) Mean SEM (n)
Bare        
Litter        
Grass        
Forb        
1 Meter
Wood        
Bare        
Litter        
Grass        
Forb        
2.5 Meters
Wood        
SK\WRSKDJRXV VSHFLHV RU HQWRPRSKDJRXV VSHFLHV
:H DOVR WHVWHG IRU GLIIHUHQFHV RYHU WLPH E\ WHVWLQJ
IRU ³ERUGHU E\ ZHHN´ LQWHUDFWLRQV DQG IRU GLVWDQFH
HIIHFWV E\ WHVWLQJ IRU ³ERUGHU E\ GLVWDQFH´
LQWHUDFWLRQV 7HVWLQJ IRU GLIIHUHQFHV RYHU WLPH
XVHG ³ERUGHU E\ ZHHN´ DV WKH PDLQ HIIHFW ZLWK
UHVLGXDO HUURU DV WKH HUURU WHUP 7HVWV IRU ERUGHU
HIIHFW XVHG ERUGHU DV WKH PDLQ HIIHFW ZLWK ³ILHOG
ZLWKLQ ERUGHU´ DV WKH HUURU WHUP 7HVWV IRU ³ERUGHU
E\ GLVWDQFH´ LQWHUDFWLRQ XVHG ³ERUGHU E\ GLVWDQFH´
DV WKH PDLQ HIIHFW ZLWK ³ILHOG E\ GLVWDQFH ZLWKLQ
ERUGHU´ DV WKH HUURU WHUP ,I GLIIHUHQFHV IRU
³ERUGHU E\ GLVWDQFH´ LQWHUDFWLRQ RU ³ERUGHU E\
ZHHN´ LQWHUDFWLRQ ZHUH IRXQG YLD WKH $129$ WKH
DVVRFLDWLRQV ZHUH GHWHUPLQHG YLD D OHDVW
VLJQLILFDQW GLIIHUHQFH /6' WHVW XVLQJ VTXDUHURRW
WUDQVIRUPHGGDWD
6WXG\ GHVLJQ IRU DOO SLWIDOO YLVXDO DQG WKULSV
VDPSOHV ZDV D UDQGRPL]HG FRPSOHWH EORFN $OO
GDWD ZHUH VLPLODUO\ FRPELQHG WR JHQHUDWH D PHDQ
IRU HDFK ILHOG WKHQ VXEMHFWHG WR DQDO\VLV RI
YDULDQFH XVLQJ 352& */0 LQ 6$6 ZLWK
VTXDUHURRW WUDQVIRUPHG GDWD 7HVWV IRU ERUGHU
HIIHFW KDG ³ILHOG ZLWKLQ ERUGHU´ DV WKH HUURU WHUP
ZKLOH WHVWV IRU ³ERUGHU E\ GLVWDQFH´ LQWHUDFWLRQ
ZHUH FRQGXFWHG ZLWK UHVLGXDO HUURU DV WKH HUURU
WHUP 'LIIHUHQFHV IRU ³ERUGHU E\ GLVWDQFH´
LQWHUDFWLRQ ZHUH IXUWKHU VHSDUDWHG XVLQJ DQ /6'
WHVW
$OO PHDQV DQG VWDQGDUG HUURUV JLYHQ DUH IURP
QRQWUDQVIRUPHG GDWD 5HVXOWV OLVWHG DV
VLJQLILFDQW KDYH 3   IRU DQDO\VHV RI YDULDQFH
DQG/6'WHVWV
Results
Field border / Edge vegetational
composition
9HJHWDWLRQ FKDUDFWHULVWLFV RI WKH ILHOG ERUGHUV DQG
WKH ILHOG HGJHV LQ FRQYHQWLRQDO ILHOGV DUH UHSRUWHG
LQ 7DEOH
Thrips sampling
,Q  WKH SUHVHQFH RI D ILHOG ERUGHU GLG QRW
FRQWULEXWH WR D JUHDWHU DEXQGDQFH RI DGXOW WKULSV
)     3    ODUYDO WKULSV )   
 3    RU WRWDO WKULSV )     3  
 6LPLODUO\ WKHUH ZHUH QR GLIIHUHQFHV IRU WKH
ERUGHU E\ GLVWDQFH HIIHFW IRU DGXOW WKULSV )   
 3    ODUYDO WKULSV )     3  
 DQG WRWDO WKULSV )     3  

$JDLQ LQ  WKHUH ZHUH QR GLIIHUHQFHV IRU ERUGHU
HIIHFW EHWZHHQ FRQWURO DQG H[SHULPHQWDO ILHOGV IRU
DGXOW WKULSV )     3    ODUYDO WKULSV
)     3    DQG WRWDO WKULSV )   
 3    7KHUH ZHUH DOVR QR GLIIHUHQFHV IRU
ERUGHU E\ GLVWDQFH HIIHFWV IRU DGXOW WKULSV )   
 3    ODUYDO WKULSV )     3  
DQGWRWDOWKULSV)  3 
Pitfall trap sampling
1R VLJQLILFDQW GLIIHUHQFHV ZHUH GHWHFWHG ZLWK
UHVSHFW WR WKH SUHVHQFH RU DEVHQFH RI ILHOG ERUGHUV
RU IRU ERUGHU E\ GLVWDQFH LQWHUDFWLRQV IRU DQ\
VSHFLHVVDPSOHGYLDSLWIDOOWUDSVLQFRWWRQLQ
3LWIDOO WUDSSLQJ LQ  UHVXOWHG LQ QR GLIIHUHQFHV
ZLWK UHVSHFW WR WKH SUHVHQFH RU DEVHQFH RI D ILHOG
ERUGHU ZKLOH WKHUH ZHUH VLJQLILFDQW GLIIHUHQFHV IRU
ERUGHU E\ GLVWDQFH LQWHUDFWLRQ IRU *U\OOLGDH ) 
   3    DQG 2UWKRSWHUD FRPELQHG
$FULGLGDH DQG *U\OOLGDH )     3  
 7KH ERUGHU E\ GLVWDQFH GLIIHUHQFH 3  
 IRU JU\OOLGV ZDV DW WKH  P GLVWDQFH ZLWK
PHDQV RI  DQG  IRU FRQWURO DQG H[SHULPHQWDO
ILHOGV UHVSHFWLYHO\ 7KH ERUGHU E\ GLVWDQFH
GLIIHUHQFH 3    IRU 2UWKRSWHUD ZDV
GRPLQDWHG E\ WKH JU\OOLGV 7KLV GLIIHUHQFH ZDV
DOVR GHWHFWHG DW GLVWDQFH  P ZLWK PHDQV RI 
DQGIRUFRQWURODQGH[SHULPHQWDOUHVSHFWLYHO\
Spider mite indices




ERUGHU HIIHFW )      3    RU ERUGHU
E\ GLVWDQFH HIIHFW )     3    IRU
VSLGHU PLWH LQGLFHV LQ  %HFDXVH WKHUH ZDV QR
ERUGHU E\ ZHHN HIIHFW HLWKHU )     3  
 IXUWKHU DQDO\VLV ZDV QRW FRQGXFWHG 7KHUH
ZHUHQRSRVWLQVHFWLFLGHVDPSOHVWDNHQLQ
6SLGHU PLWH LQFLGHQFH UHVXOWV ZHUH VLPLODU LQ 
DQG  ZLWK QR VLJQLILFDQW SUHLQVHFWLFLGH
GLIIHUHQFHV IRU ERUGHU HIIHFW LQ  )    
3    RU  )     3    7KHUH
ZHUH DOVR QR SUHLQVHFWLFLGH VLJQLILFDQW
GLIIHUHQFHV IRU ERUGHU E\ GLVWDQFH LQWHUDFWLRQ LQ
 )     3    DQG  )   
 3    RU ERUGHU E\ ZHHN LQWHUDFWLRQ LQ
 )     3    DQG  )   
 3    3RVWLQVHFWLFLGH GDWHV VKRZHG
QR VLJQLILFDQW GLIIHUHQFHV IRU ERUGHU HIIHFW LQ 
)     3    DQG  )     3
   RU ERUGHU E\ GLVWDQFH LQWHUDFWLRQ LQ 
)     3    DQG  )     3
   7KHUH ZHUH VLJQLILFDQW GLIIHUHQFHV IRU





Heliothine eggs on terminals and
parasitized heliothines eggs
,Q  QHDUO\  WLPHV DV PDQ\ HJJV ZHUH IRXQG
LQ ILHOGV ZLWKRXW ERUGHUV GXULQJ ZHHN  )   
 3    )LJXUH  $OO RWKHU ZHHNV LQ
 VKRZHG QR VLJQLILFDQW GLIIHUHQFHV IRU ERUGHU
HIIHFW 7KHUH ZDV D ERUGHU E\ GLVWDQFH LQWHUDFWLRQ
LQ  GXULQJ ZHHN  )     3   
RQO\
,Q  YLVXDO LQVSHFWLRQV IRU KHOLRWKLQHV HJJV
QXPEHU RI KHOLRWKLQHV ODUYDH LQ FRWWRQ WHUPLQDOV
DQG FRWWRQ WHUPLQDOV GDPDJHG E\ KHOLRWKLQHV
ODUYDH LQGLFDWHG QR VLJQLILFDQW GLIIHUHQFHV IRU
ERUGHU HIIHFW RU ERUGHU E\ GLVWDQFH LQWHUDFWLRQ IRU
DQ\ZHHN
7KH RQO\ PRQLWRULQJ IRU HJJ SDUDVLWHV WKURXJKRXW
WKH VWXG\ ZDV DQ LQGLUHFW PHWKRG RI LQVSHFWLQJ
KHOLRWKLQHV HJJV IRU SDUDVLWLVP LQ  7KHUH
ZHUH QR VLJQLILFDQW GLIIHUHQFHV IRU ERUGHU HIIHFW RU
ERUGHUE\GLVWDQFHLQWHUDFWLRQVIRUHJJSDUDVLWLVP
Bolls damaged by heliothines
&RWWRQ EROO GDPDJH E\ KHOLRWKLQHV LQ  IRU
HDFK ZHHN ZDV DQDO\]HG LQGLYLGXDOO\ 2QO\ GXULQJ
ZHHN  ZDV WKHUH D VLJQLILFDQW GLIIHUHQFH IRU
ERUGHU HIIHFW )     3    ZLWK PRUH
GDPDJH IRXQG LQ ILHOGV ZLWKRXW ERUGHUV 1RQH RI
WKH VDPSOLQJ GDWHV UHYHDOHG D VLJQLILFDQW
GLIIHUHQFHIRUERUGHUE\GLVWDQFHLQWHUDFWLRQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH +HOLRWKLQH GDPDJHG EROOV LQ  DQG 
VKRZHG QR VLJQLILFDQW GLIIHUHQFHV IRU ERUGHU HIIHFW
RUERUGHUE\GLVWDQFHLQWHUDFWLRQIRUHLWKHU\HDU
Sweep net sampled arthropods
%RUGHU SUHVHQFH KDG OLWWOH RYHUDOO SUHLQVHFWLFLGH
DQG SRVWLQVHFWLFLGH HIIHFW RQ DUWKURSRGV GHWHFWHG
WKURXJK VZHHS QHW VDPSOLQJ LQ  2QO\ O.
insidiosus DQG WRWDO KHPLSWHUDQ EHQHILFLDOV
\LHOGHG VLJQLILFDQW GLIIHUHQFHV LQ WKH
SUHLQVHFWLFLGH SHULRG ZLWK ERWK EHLQJ PRUH
QXPHURXV LQ ILHOGV ZLWK ERUGHUV )     3  
 'XULQJ WKH SRVWLQVHFWLFLGH SHULRG RQO\
WDUQLVKHG SODQW EXJV )     3    DQG
WRWDO KHPLSWHUDQ SHVWV )     3   
ZHUH VLJQLILFDQW ZLWK JUHDWHU QXPEHUV IRXQG LQ
ILHOGVZLWKERUGHUV
,Q  ERUGHU HIIHFWV GXULQJ WKH SUHLQVHFWLFLGH
SHULRG ZHUH VLJQLILFDQW IRU VSLGHUV )    
3    GDPVHO EXJV )     3   
WRWDO KHPLSWHUDQ EHQHILFLDOV )     3  
 WDUQLVKHG SODQW EXJV )     3  
 DQG WRWDO KHPLSWHUDQ SHVWV )     3
   ZLWK DOO EHLQJ PRUH QXPHURXV LQ ILHOGV
ZLWK ERUGHUV 6SLGHUV )     3    DQG
WRWDO KHPLSWHUDQ EHQHILFLDOV )     3  
 ZHUH VLJQLILFDQWO\ PRUH DEXQGDQW LQ WKH
ERUGHUHGILHOGVGXULQJWKHSRVWLQVHFWLFLGHSHULRG
,Q  GDPVHO EXJV )     3   
WDUQLVKHG SODQW EXJV )     3    DQG
WRWDO KHPLSWHUDQ SHVWV )     3   
ZHUH VLJQLILFDQWO\ PRUH DEXQGDQW GXULQJ WKH
SUHLQVHFWLFLGH SHULRG LQ ILHOGV ZLWKRXW ERUGHUV
7KH SRVWLQVHFWLFLGH SHULRG FRQVLVWLQJ RI RQO\ RQH
VDPSOLQJ GDWH UHYHDOHG VLJQLILFDQWO\ PRUH VSLGHUV
)     3    DQG ODFHZLQJV )   
3 LQILHOGVZLWKERUGHUV
'XULQJ WKH SUHLQVHFWLFLGH SHULRG LQ  RQO\
HQWRPRSKDJRXV VSHFLHV H[KLELWHG FKDQJHV RYHU
WLPH ZLWK UHVSHFW WR WUHDWPHQW W\SH 6SLGHUV )
    3    O. insidiosus )    
3    ODG\ EHHWOHV )    3  
 GDPVHO EXJV )    3   
DQG WRWDO KHPLSWHUDQ EHQHILFLDOV )     3
   ZHUH PRUH DEXQGDQW LQ ILHOGV ZLWK
ERUGHUV IRU HYHU\ ZHHN ZKHUH D VLJQLILFDQW
GLIIHUHQFH RFFXUUHG 1R SRVWLQVHFWLFLGH
GLIIHUHQFHV ZHUH IRXQG IRU DQ\ VSHFLHV RU JURXS RI
VSHFLHV
,Q  RQO\ O. insidiosus ZHUH VLJQLILFDQWO\
DIIHFWHG )     3    E\ WKH ERUGHU
E\ ZHHN LQWHUDFWLRQ GXULQJ WKH SUHLQVHFWLFLGH
SHULRG ZLWK PRUH O. insidiosus LQ ILHOGV ZLWK
ERUGHUV GXULQJ HYHU\ ZHHN ZKHUH D VLJQLILFDQW
GLIIHUHQFH RFFXUUHG 'XULQJ WKH SRVWLQVHFWLFLGH
SHULRG VLJQLILFDQW ERUGHU E\ ZHHN LQWHUDFWLRQV
ZHUH IRXQG IRU VSLGHUV )     3   
O. insidiosus )     3    ODG\ELUG
EHHWOHV )     3 DVVDVVLQ EXJV
)     3    DQG WRWDO KHPLSWHUDQ
EHQHILFLDOV)  3 
,Q  D VLJQLILFDQW GLIIHUHQFH IRU ERUGHU E\ ZHHN
LQWHUDFWLRQ ZDV IRXQG RQO\ IRU ODFHZLQJV )   
 3    GXULQJ WKH SUHLQVHFWLFLGH
SHULRG )LJXUH  VKRZV WKDW WKHUH ZHUH
VLJQLILFDQWO\ PRUH ODFHZLQJV LQ ILHOGV ZLWK ERUGHUV
GXULQJ ZHHNV   DQG  :LWK RQO\ RQH
VDPSOLQJ GDWH GXULQJ WKH SRVWLQVHFWLFLGH SHULRG
WKHUHZDVQRERUGHUE\ZHHNLQWHUDFWLRQVDQDO\VLV
%RUGHU E\ GLVWDQFH LQWHUDFWLRQV ZHUH GHWHUPLQHG
IRU WKH SUH DQG SRVWLQVHFWLFLGH SHULRGV QRW
LQGLYLGXDOO\ IRU HDFK ZHHN ,Q  WKH RQO\
LQFLGHQFH RI D VLJQLILFDQW ERUGHU E\ GLVWDQFH
LQWHUDFWLRQ )     3    RFFXUUHG
ZLWK ODG\ EHHWOHV GXULQJ WKH SRVWLQVHFWLFLGH
SHULRG $Q /6' WHVW UHYHDOHG WKDW WKLV GLIIHUHQFH
ZDV DW WKH  P GLVWDQFH ZKHUH PRUH ODG\ EHHWOHV
ZHUH IRXQG LQ ILHOGV ZLWK ERUGHUV ,Q  WKH
RQO\ LQFLGHQFH RI D VLJQLILFDQW ERUGHU E\ GLVWDQFH
LQWHUDFWLRQ )     3    RFFXUUHG
ZLWK -DSDQHVH EHHWOHV LQ WKH SUHLQVHFWLFLGH
SHULRG LQ WKLV FDVH DQ /6' WHVW UHYHDOHG WKDW
WKHUH ZHUH VLJQLILFDQWO\ PRUH -DSDQHVH EHHWOHV DW
WKH  P GLVWDQFH LQ ILHOGV ZLWKRXW ERUGHUV 7KH
RQO\ VLJQLILFDQW ERUGHU E\ ZHHN LQWHUDFWLRQ ) 
   3    LQ  RFFXUUHG ZLWK GDPVHO
EXJV ,Q WKLV LQVWDQFH WKH /6' WHVW VKRZHG WKDW
WKHUH ZHUH PRUH GDPVHO EXJV DW  P IURP WKH
ILHOGHGJHLQILHOGVZLWKRXWERUGHUV
Discussion
7KH SUHVHQFH RI ILHOG ERUGHUV GLG QRW DSSHDU WR
KDYH DQ\ HIIHFW RQ WKH QXPEHUV RI WKULSV IRXQG RQ
FRWWRQ VHHGOLQJV GXULQJ WKH WZR \HDUV RI WKLV
VWXG\ 7KULSV DUH NQRZQ WR PLJUDWH WR FRWWRQ IURP
ZLOG KRVW SODQWV ZKHQ WKRVH SODQWV VHQHVFH
:LQWHU ZKHDW LV WKH PRVW FRPPRQ DJULFXOWXUDO
FURS LPSOLFDWHG LQ KDUERULQJ SRSXODWLRQV RI
WKULSV ZKLFK PRYH LQWR FRWWRQ DW WKH RQVHW RI
VHQHVFHQFH RU KDUYHVW 'X5DQW HW DO  ,Q
OLJKW RI WKH ODFN RI ZLQWHU ZKHDW KHFWDUDJH WKLV
VHHPV XQOLNHO\ LQ WKH DUHD DQG WKULSV PRYLQJ WR
FRWWRQ DUH PRVW OLNHO\ JHQHUDWHG RQ ZLOG KRVW
SODQWV 7KH SURSK\ODFWLF DOGLFDUE WUHDWPHQW WR DOO
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH FRWWRQ ILHOGV DW SODQWLQJ ZDV VWDQGDUG IRU ILHOGV
ZLWK DQG ZLWKRXW ERUGHUV VR DQDO\VLV ZDV VWLOO
SRVVLEOH %DVHG XSRQ WKHVH ILQGLQJV LW LV
UHDVRQDEOH WR H[SHFW WKDW ILHOG ERUGHUV VKRXOG QRW
FRQWULEXWH WR DQ\ HOHYDWHG HDUO\ VHDVRQ FRWWRQ
WKULSVLQIHVWDWLRQV
7KHUH ZHUH DOVR QR REVHUYHG GLIIHUHQFHV IRU
ERUGHU E\ GLVWDQFH LQWHUDFWLRQ IRU HLWKHU DJH FODVV
GXULQJ HLWKHU \HDU ,I WKULSV ZHUH LPPLJUDWLQJ LQWR
WKH ILHOG IURP WKH ILHOG ERUGHU YHJHWDWLRQ D
JUDGLHQW PLJKW EH H[SHFWHG ZLWK WKH JUHDWHVW
DEXQGDQFH LQ WKRVH VDPSOHV WDNHQ FORVHVW WR WKH
HGJH :KLOH WKH LPSRVHG ILHOG ERUGHUV ZHUH PRUH
UREXVW WKDQ WKH FRQYHQWLRQDOO\ PDQDJHG ILHOG
HGJHV WKHUH ZDV VWLOO D GLYHUVLW\ RI DOWHUQDWH KRVW
YHJHWDWLRQ LQ WKH FRQYHQWLRQDO HGJHV 6LQFH ZH GLG
QRW GHWHFW D JUDGLHQW RI DQ\ VRUW LQ HLWKHU
WUHDWPHQW LW LV OLNHO\ WKDW WKH WKULSV PRYLQJ LQWR
FRWWRQ DUH FRPLQJ SUHGRPLQDQWO\ IURP DUHDV
VRPH GLVWDQFH IURP WKH FRWWRQ ILHOG UDWKHU WKDQ
WKHLPPHGLDWHILHOGHGJH
7KH SXUSRVH RI SLWIDOO WUDS VDPSOLQJ ZDV WR
VDPSOH IRU WKH HQWRPRSKDJRXV HSLJHDO DUWKURSRGV
FDUDELGV FLFLQGHOLGV VWDSK\OLQLGV IRUPLFLGV DQG
VSLGHUV 'XULQJ ERWK  DQG  QR ERUGHU
HIIHFW ZDV GHWHFWHG IRU DQ\ RI WKH HQWRPRSKDJRXV
VSHFLHV RU IRU DQ\ SHVWLIHURXV VSHFLHV ,Q  DQG
DVWULSWLOODJHFRWWRQV\VWHPZDVHPSOR\HGLQ
WKH VWXG\ ILHOGV ZKLOH FRQYHQWLRQDO WLOODJH ZDV
XVHG LQ  &RQVHUYDWLRQ WLOODJH LV NQRZQ WR
SURPRWH VSHFLHV ULFKQHVV DQG DEXQGDQFH RI
FDUDELGV ZKLOH FRQYHQWLRQDO WLOODJH IDYRUV WKH
GRPLQDQW FDUDELG VSHFLHV %DJXHWWH DQG +DQFH
 8QIRUWXQDWHO\ WKHUH ZDV QR SLWIDOO WUDSSLQJ
LQ  WR FRPSDUH WKH FRQYHQWLRQDO V\VWHP WR WKH
UHGXFHGWLOODJH V\VWHP %DVHG RQ WKH VDPSOLQJ
FRQGXFWHG ILHOG ERUGHUV GLG QRW DSSHDU WR
FRQWULEXWH WR JUHDWHU QXPEHUV RI WKHVH EHQHILFLDO
DUWKURSRGV LQ WKH FRWWRQ ILHOGV 7KH FRQVHUYDWLRQ
WLOODJH QRW ILHOG ERUGHUV FRXOG KDYH EHHQ WKH
GRPLQDQW IDFWRU GHWHUPLQLQJ WKH QXPEHUV RI
HSLJHDODUWKURSRGV
3LWIDOO WUDS VDPSOHV ZHUH WDNHQ ZLWKLQ WKH ILHOG
ERUGHUFRQWURO ILHOG HGJH LQ  1R VLJQLILFDQW
GLIIHUHQFHV ZHUH IRXQG IRU DQ\ VSHFLHV RU JURXSV 
P DZD\ IURP WKH ILUVW FRWWRQ URZ LQWR WKH ERUGHU
RU FRQWURO HGJH 7KH RQO\ ERUGHU E\ GLVWDQFH
LQWHUDFWLRQ ZDV IRU JU\OOLGV DQG JU\OOLGV SOXV
DFULGLGV 7KH JU\OOLGV DQG DFULGLGV ZHUH FRXQWHG
VHSDUDWHO\ LQ  EHFDXVH RI WKH SHVW SRWHQWLDO RI
DFULGLGV DQG WKH IRRG UHVRXUFH IRU ELUGV
UHSUHVHQWHG E\ WKH JU\OOLGV 3DOPHU  2QH RI
WKH PDLQ JRDOV LQ LPSOHPHQWLQJ ILHOG ERUGHUV ZDV
WR SURYLGH HDUO\VXFFHVVLRQDO KDELWDW IRU QRUWKHUQ
EREZKLWH TXDLO Colinus virginianus
JURXQGQHVWLQJ VRQJELUGV DQG RWKHU ZLOGOLIH 7KH
JU\OOLGV ZHUH VWDWLVWLFDOO\ PRUH DEXQGDQW DW WKH 
P GLVWDQFH LQ WKH ILHOG ERUGHUV VXJJHVWLQJ WKDW
WKH ERUGHUV GLG SURYLGH LQFUHDVHG IRUDJH IRU TXDLO
FKLFNV ZKLOH QRW FRQWULEXWLQJ WR SRSXODWLRQV RI
SHVW2UWKRSWHUDLQWKHILHOG
6SLGHU PLWHV ZHUH VDPSOHG ZLWK D ELQRPLDO
VDPSOLQJ PHWKRG WKDW UHFRUGHG ZKHWKHU RU QRW D
OHDI KDG OLYH PLWHV SUHVHQW %HFDXVH WKLV ZDV QRW
DQ DEVROXWH FRXQW RU D PHWKRG WKDW DVVHVVHG WKH
WUXH OHYHO RI LQIHVWDWLRQ GHWDLOHG LQIHUHQFHV DV WR
WKH VHYHULW\ RI LQIHVWDWLRQV FRXOG QRW EH
GHWHUPLQHG EXW D UHODWLRQVKLS WR ILHOG ERUGHUV
FRXOG EH DVVHVVHG 6SLGHU PLWHV ZHUH PRVW
DEXQGDQW DW WKH HQG RI WKH VDPSOLQJ VHDVRQ LQ
ERWK  DQG  DQG ZHUH VLJQLILFDQWO\ PRUH
DEXQGDQW LQ ILHOGV ZLWK ERUGHUV 7KLV ODWH LQYDVLRQ
RI FRWWRQ ILHOGV ZLWK ILHOG ERUGHUV FRXOG EH
DWWULEXWHG WR PRYHPHQW LQWR WKH VDPSOHG ILHOGV
IURP DOWHUQDWH ZLOG RU FXOWLYDWHG KRVWV (YHQ
WKRXJK WKH QXPEHU RI OHDYHV ZLWK VSLGHU PLWHV
ZDV KLJK ODWHU LQ WKH VHDVRQ HQYLURQPHQWDO
FRQGLWLRQV ZHUH IDYRUDEOH IRU IXQJDO HSL]RRWLFV RI
1HR]\JLWHV IORULGDQD WR RFFXU DQG VSLGHU PLWH
SRSXODWLRQV QHYHU UHDFKHG OHYHOV KLJK HQRXJK WR
ZDUUDQW HFRQRPLF FRQFHUQ $ PRUH ULJRURXV WHVW
RI WKH LQIOXHQFH RI ILHOG ERUGHUV ZRXOG RFFXU
GXULQJ D KRW GU\ VXPPHU VLQFH VSLGHU PLWHV DUH
PRUHSUREOHPDWLFXQGHUWKHVHFRQGLWLRQV
'XULQJ ZHHN  LQ  EROO GDPDJH E\
KHOLRWKLQHV ZDV VWDWLVWLFDOO\ ORZHU LQ ILHOGV ZLWK
ERUGHUV 7KHUH ZHUH QR VLJQLILFDQW GLIIHUHQFHV
EHWZHHQ ILHOGV ZLWK ERUGHUV DQG ILHOGV ZLWKRXW
ERUGHUV IRU EROO GDPDJH E\ KHOLRWKLQHV GXULQJ DQ\
RI WKH RWKHU  ZHHNV VDPSOHG GXULQJ WKH \HDU
SHULRG ,Q JHQHUDO KHOLRWKLQH HJJ GHSRVLWLRQ GLG
QRW GLIIHU EHWZHHQ WUHDWPHQWV 7KH RQO\ H[FHSWLRQ
ZDV ZHHN  LQ  ZKHQ DSSUR[LPDWHO\  WLPHV
DV PDQ\ HJJV ZHUH IRXQG LQ ILHOGV ZLWKRXW
ERUGHUV 7KLV ZDV WKH RQO\ RFFDVLRQ RYHU WKH 
\HDUV ZKHUH WKH QXPEHU RI KHOLRWKLQH HJJV
H[FHHGHG WKH  HFRQRPLF WKUHVKROG XVHG LQ
1RUWK &DUROLQD 1RUWK &DUROLQD &RRSHUDWLYH
([WHQVLRQ 6HUYLFH  WKH WKUHVKROG ZDV
H[FHHGHG RQO\ LQ ILHOGV ZLWKRXW ERUGHUV GXULQJ
WKDW ZHHN )LJXUH  1R GLIIHUHQFHV ZHUH
GHWHFWHG EHWZHHQ WUHDWPHQWV LQ KHOLRWKLQH HJJ
SDUDVLWLVP
6ZHHS QHW VDPSOHV IRU SUHGDWRU\ DUWKURSRGV
GLVFORVHG WKDW VHYHUDO RI WKHVH VSHFLHV ZHUH
VWDWLVWLFDOO\ PRUH DEXQGDQW LQ ILHOGV ZLWK ERUGHUV
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 DW WKH RQVHW RI WKH SHDN KHOLRWKLQH IOLJKW SHULRG LQ
 EXW WKH LQVHFWLFLGH DSSOLFDWLRQ GXULQJ ZHHN
 DSSDUHQWO\ UHGXFHG WKH EHQHILFLDO DUWKURSRG
SRSXODWLRQV 7KHUH ZHUH QRW ERUGHU E\ ZHHN
LQWHUDFWLRQV GXULQJ WKH SRVWLQVHFWLFLGH SHULRG
LQGLFDWLQJ WKDW ERUGHU WUHDWPHQW GLG QRW DIIHFW
SRSXODWLRQ UHFRYHU\ LQ EHQHILFLDO VSHFLHV GXULQJ
WKLV SHULRG 7KH DEXQGDQFH RI SUHGDWRU\
DUWKURSRGV VSLGHUV O. insidiosus ODG\ EHHWOHV
DQG WRWDO KHPLSWHUDQ EHQHILFLDOV LQ ILHOGV ZLWK
ERUGHUV GXULQJ WKH KHOLRWKLQH IOLJKW PD\ KDYH
UHGXFHG EROO GDPDJH LQ ILHOGV ZLWK ERUGHUV ODWHU LQ
ZHHN
)LHOG ERUGHUV LQ WKLV DJURHFRV\VWHP GLG QRW
DSSHDU WR FRQWULEXWH WR KLJKHU KHOLRWKLQH GDPDJH
HYHQ WKRXJK  RI WKH DYDLODEOH ILHOG DUHD ZDV
FRQYHUWHG WR ILHOG ERUGHUV 0DQDJHPHQW
VXJJHVWLRQV IRU ) KHOLRWKLQHV LQ WKH 0LVVLVVLSSL
GHOWD LQFOXGH UHGXFLQJ DOWHUQDWH ZLOG KRVW KDELWDWV
E\ PRZLQJ RU WUHDWLQJ WKRVH DUHDV ZLWK
LQVHFWLFLGHV +DUULV DQG 3KLOOLSV  6QRGJUDVV
HW DO  6XGEULQN DQG *UDQW  ,Q HDVWHUQ
1RUWK &DUROLQD WKH ) KHOLRWKLQHV DUH WKH
GDPDJLQJ JHQHUDWLRQ LQ FRWWRQ ZLWK WKH ILUVW WZR
JHQHUDWLRQV GHYHORSLQJ LQ FRUQ RU DOWHUQDWH KRVWV
,Q WKLV VWXG\ WKH SUHVHQFH RI PRUH DEXQGDQW
DOWHUQDWH KRVW YHJHWDWLRQ GLG QRW DSSHDU WR
LQIOXHQFH WKH QXPEHUV RI ) KHOLRWKLQHV LQ
DGMDFHQWILHOGV
3UHGDWRU\ DUWKURSRGV VDPSOHG YLD VZHHS QHWV
UHVSRQGHG SRVLWLYHO\ WR ILHOG ERUGHUV %RUGHU
HIIHFWV IRU WKH SUHLQVHFWLFLGH SHULRGV RYHU WKH 
\HDUV UHVXOWHG LQ ERUGHUHG ILHOGV KROGLQJ
VLJQLILFDQWO\ PRUH SUHGDWRU\ VSHFLHV ZLWK WKH
H[FHSWLRQ RI GDPVHO EXJV LQ  ZKLFK ZHUH
PRUH DEXQGDQW LQ ILHOGV ZLWKRXW ERUGHUV
6LJQLILFDQW GLIIHUHQFHV IRU ERUGHU HIIHFW ZHUH QRW
DV FRPPRQ IROORZLQJ WKH LQVHFWLFLGH DSSOLFDWLRQV
)RU WKRVH SUHGDWRU\ VSHFLHV ZKHUH VLJQLILFDQW
GLIIHUHQFHV ZHUH GHWHFWHG DIWHU LQVHFWLFLGH
DSSOLFDWLRQ WKH JUHDWHVW QXPEHUV ZHUH DOZD\V
IRXQGLQILHOGVZLWKERUGHUV
)RU RYHUDOO ERUGHU HIIHFW SK\WRSKDJRXV
+HPLSWHUD ZHUH OHVV DEXQGDQW LQ WKH ERUGHUHG
ILHOGV GXULQJ WKH SUHLQVHFWLFLGH SHULRGV ZLWK WKH
H[FHSWLRQ RI L. lineolaris LQ ILHOGV ZLWK ERUGHUV LQ
 ,Q  WKH RSSRVLWH RFFXUUHG ZLWK
VLJQLILFDQWO\ PRUH L. lineolaris DV ZHOO DV WRWDO
KHPLSWHUDQSHVWVLQILHOGVZLWKRXWERUGHUV
2YHUDOO ERUGHU HIIHFW GXULQJ WKH SRVWLQVHFWLFLGH
SHULRG ZDV VLJQLILFDQW IRU WKH KHPLSWHUDQ SHVWV LQ
 RQO\ 'XULQJ WKDW SHULRG L. lineolaris DQG
WRWDO KHPLSWHUDQ SHVWV ZHUH PRVW FRPPRQ LQ WKH
ERUGHUHGILHOGV
3RROLQJ WKH GDWD RYHU ZHHNV DQG JURXSLQJ LW LQWR
HLWKHU SUHLQVHFWLFLGH RU SRVWLQVHFWLFLGH SHULRGV
UHYHDOV DQ RYHUZKHOPLQJ SRVLWLYH LQIOXHQFH RI WKH
ILHOG ERUGHUV RQ SUHGDWRU DEXQGDQFH ERWK EHIRUH
DQG DIWHU SHVWLFLGH DSSOLFDWLRQV 7KH HIIHFWV RI
ILHOG ERUGHUV ZHUH QRW DV REYLRXV IRU WKH FURS
GDPDJLQJ KHPLSWHUDQ VSHFLHV 7KH RQO\ FDXVH IRU
SRVVLEOH DJURQRPLF FRQFHUQ LQ UHODWLRQ WR ILHOG
ERUGHUV ZDV WKH VLJQLILFDQWO\ JUHDWHU QXPEHUV RI
L. lineolaris LQ  GXULQJ WKH SUHLQVHFWLFLGH
SHULRG
7KH DQDO\VHV IRU ERUGHU E\ ZHHN LQWHUDFWLRQ
SURYLGHG PRUH LQVLJKW LQWR WUHQGV LQ SRSXODWLRQV
RI HDFK VSHFLHV RU JURXS RI VSHFLHV RYHU WLPH ,Q
 RQO\ WKH SUHGDWRU\ VSHFLHV H[KLELWHG
VLJQLILFDQW ERUGHU E\ ZHHN LQWHUDFWLRQV :LWK WKH
H[FHSWLRQ RI ODG\ EHHWOHV WKH ZHHN EHIRUH WKH
LQVHFWLFLGH DSSOLFDWLRQ DOO VLJQLILFDQW GLIIHUHQFHV
IDYRUHG WKH ILHOGV ZLWK ERUGHUV 7KH ODFN RI
SRVWLQVHFWLFLGH ERUGHU E\ ZHHN LQWHUDFWLRQV IRU
DOO VSHFLHV DQG JURXSV VXJJHVWV WKDW WKH SUHVHQFH
RI D ILHOG ERUGHU GLG QRW FRQWULEXWH WR D SRSXODWLRQ
UHFRYHU\IRUDQ\VSHFLHVRUJURXS
,Q  SUHGDWRU\ VSHFLHV GLG QRW UHVSRQG DV
LQWHQVHO\ WR ILHOG ERUGHUV GXULQJ WKH
SUHLQVHFWLFLGH ZHHNV O. insidiosus ZDV WKH RQO\
VSHFLHV SRVLWLYHO\ LQIOXHQFHG E\ ILHOG ERUGHUV
)LHOG ERUGHUV LQ WKLV \HDU KRZHYHU GLG SRVLWLYHO\
LQIOXHQFH WKH SUHGDWRU\ VSHFLHV IROORZLQJ
LQVHFWLFLGH DSSOLFDWLRQ 6SLGHUV UHERXQGHG WR
KLJKHU OHYHOV GXULQJ ZHHNV  DQG  %\ ZHHN 
 ZHHNV IROORZLQJ LQVHFWLFLGH VSUD\V O.
insidiosus ODG\ EHHWOHV DVVDVVLQ EXJV DQG WKH
FRPELQHG KHPLSWHUDQ SUHGDWRUV ZHUH DOO PRUH
QXPHURXVLQILHOGVZLWKERUGHUV
7KH ERUGHU E\ ZHHN LQWHUDFWLRQ DQDO\VHV GLG QRW
SURGXFH DQ\ VLJQLILFDQW UHVXOWV IRU DQ\
SK\WRSKDJRXV VSHFLHV LQ  7KH RYHUDOO HIIHFW
LV WKDW ILHOG ERUGHUV GLG QRW DSSHDU WR FRQWULEXWH
JUHDWHU QXPEHUV RI WKHVH SHVWLIHURXV VSHFLHV WR
WKH DGMDFHQW ILHOGV &RPSDULQJ LQGLYLGXDO ZHHNV
LQGLFDWHG WKDW L. lineolaris ZHUH VLJQLILFDQWO\
PRUH QXPHURXV LQ ILHOGV ZLWK ERUGHUV GXULQJ  RI
WKH  SUHLQVHFWLFLGH ZHHNV 7KH QXPEHUV RI
FRPELQHG KHPLSWHUDQ SHVWV ZHUH VLJQLILFDQWO\
GLIIHUHQW GXULQJ WKH VDPH ZHHNV LQGLFDWLQJ WKDW
L. lineolaris QXPEHUV ZHUH GRPLQDWLQJ WKDW
DQDO\VLV :KLOH WKH RYHUDOO HIIHFWV RQ WKH
SHVWLIHURXV VSHFLHV ZHUH QRW VLJQLILFDQW WKHVH
REVHUYDWLRQV RI KLJKHU LQFLGHQFH RI L. lineolaris LQ
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VSHFLHV PD\ ZDUUDQW JUHDWHU YLJLODQFH LQ ILHOGV
ZLWK ERUGHUV &RPELQHG GHIROLDWLQJ VSHFLHV ZHUH
PRVW FRPPRQ LQ ILHOGV ZLWKRXW ERUGHUV GXULQJ
ZHHN  RI WKDW \HDU ,Q RQO\
HQWRPRSKDJRXV VSHFLHV VSLGHUV DQG ODFHZLQJV
ZHUH VLJQLILFDQWO\ DQG SRVLWLYHO\ LQIOXHQFHG E\
ILHOGERUGHUVSRVWLQVHFWLFLGH
$IWHU WKLV SURMHFW ZDV FRPSOHWHG WKH DJULFXOWXUDO
V\VWHP FKDQJHG GUDPDWLFDOO\ EHFDXVH RI WKH
LQFRUSRUDWLRQ RI ZLGHVFDOH XVH RI %W FRWWRQ ,Q
WKH SDVW LQ 1RUWK &DUROLQD VWLQN EXJ SRSXODWLRQV
UHDFKLQJ GDPDJLQJ SRSXODWLRQ OHYHOV QRUPDOO\
FRLQFLGHG ZLWK WKH ) IOLJKW RI KHOLRWKLQHV
7KHUHIRUH S\UHWKURLG WUHDWPHQW IRU WKH ODUYDH RI
WKH ) JHQHUDWLRQ XVXDOO\ VXFFHVVIXOO\ FRQWUROOHG
VWLQN EXJV DV ZHOO -5 %UDGOH\ -U XQSXEO
GDWD 7UDQVJHQLF %W FRWWRQ LV
/HSLGRSWHUDVSHFLILF ZLWK QR HIIHFW RQ VWLQN EXJV
RU WDUQLVKHG SODQW EXJV 7XUQLSVHHG DQG *UHHQH
 KDYH REVHUYHG VLJQLILFDQW LQFUHDVHV LQ VWLQN
EXJ GDPDJH LQ %W FRWWRQ EHFDXVH RI WKH UHGXFWLRQ
RILQVHFWLFLGHDSSOLFDWLRQVWDUJHWLQJKHOLRWKLQHV
6WLQN EXJ QXPEHUV QHYHU DSSURDFKHG WKH
WUHDWPHQW WKUHVKROG  EXJV VZHHSV RYHU
WKH WKUHH \HDUV RI RXU VWXG\ ,Q RWKHU VWDWHV LW LV
UHFRPPHQGHG WKDW FRWWRQ EH SODQWHG DZD\ IURP
DUHDV FRQWDLQLQJ DOWHUQDWH KRVWV IRU VWLQN EXJV
7XUQLSVHHG DQG *UHHQH  2XU ILQGLQJV
VXJJHVW WKDW WKH NLQGV RI YHJHWDWLRQ IRXQG LQ WKHVH
ILHOG ERUGHUV GR QRW IXQFWLRQ DV QXUVH FURSV IRU
WKHVH LQVHFWV DQG GR QRW DSSHDU WR H[DFHUEDWH
VWLQNEXJSUREOHPV
6WLQN EXJV ZHUH PRUH FRPPRQ LQ VR\EHDQV WKDQ
FRWWRQ GXULQJ WKLV VWXG\ 2XWZDUG XQSXEOLVKHG
GDWD %XQG\ HW DO  VXJJHVWHG VR\EHDQV
PLJKWEHXVHGDVDVWLQNEXJWUDSFURSIRUFRWWRQ
7R UHGXFH WKH OLNHOLKRRG RI GDPDJLQJ L. lineolaris
DQG VWLQN EXJ SRSXODWLRQV PDLQWDLQLQJ WKH ILHOG
ERUGHUV LQ HDUO\ VXFFHVVLRQDO YHJHWDWLRQ WKURXJK
EXUQLQJ RU GLVNLQJ FRXOG EH XVHG LQ ILHOGV WR EH
SODQWHG WR FRWWRQ 7KLV PHWKRG ZRXOG QRW
HOLPLQDWH DOO PDQDJHG ILHOG ERUGHUV EHFDXVH RQO\
VRPH RI WKH ILHOG ERUGHUV RQ WKH ODQGVFDSH ZRXOG
EH PDQLSXODWHG HDFK \HDU EXW WKLV FRXOG UHGXFH
DOWHUQDWHKRVWVIRUWKHVHKHPLSWHUDQV
L. lineolaris LQ FRWWRQ DUH DQ HDUO\VHDVRQ SHVW
,QVHFWLFLGH WUHDWPHQWV IRU L. lineolaris DUH VROHO\
DSSOLHG LQ UHVSRQVH WR GDPDJH 7KH UHGXFWLRQ RI
LQVHFWLFLGH DSSOLFDWLRQV WDUJHWLQJ KHOLRWKLQHV
EHFDXVH RI %W FRWWRQ ZLOO QRW DIIHFW WKHVH HDUOLHU L.
lineolaris RXWEUHDNV DV PD\ RFFXU ZLWK VWLQN EXJV
7KH FDWKROLF KRVW UDQJH RI L. lineolaris VXJJHVWV
WKDW ERUGHUHG ILHOGV ZRXOG KDYH PRUH L.
lineolaris \HW WKLV ZDV RQO\ REVHUYHG GXULQJ RQH
RI WKH  \HDUV 7KH SUHVHQFH RI DGGLWLRQDO
SUHGDWRU\ DUWKURSRGV LQ WKH ILHOGV ZLWK ERUGHUV
PD\EHVXIILFLHQWO\KLJKWRRIIVHWWKLVHIIHFW
2YHUDOO WKH SUHVHQFH RI ILHOG ERUGHUV GLG QRW
DSSHDU WR H[DFHUEDWH SHVW SUREOHPV LQ DGMDFHQW
FRWWRQ ILHOGV +HOLRWKLQH QXPEHUV ZHUH HLWKHU
VXSSUHVVHG RU HTXLYDOHQW LQ ILHOGV ZLWK ERUGHUV WR
WKRVH LQ ILHOGV ZLWKRXW L. lineolaris ZHUH D
SRWHQWLDO SUREOHP LQ ILHOGV ZLWK ERUGHUV GXULQJ
RQH RI WKH  \HDUV ZKLOH VWLQN EXJV ZHUH VLPLODU LQ
ILHOGV ZLWK DQG ZLWKRXW ERUGHUV 2WKHU PLQRU SHVW
SUREOHPV VXFK DV GHIROLDWLQJ VSHFLHV ZHUH QRW
DIIHFWHG E\ ERUGHU WUHDWPHQWV /HDYHV ZLWK DSKLGV
DQG VSLGHU PLWHV SUHVHQW ZHUH PRUH FRPPRQ LQ
ILHOGV ZLWK ERUGHUV EXW SRSXODWLRQV UHPDLQHG
VXEHFRQRPLFWKURXJKRXWWKHVHVWXGLHV
&URS \LHOGV DW ILHOG HGJHV FDQ EH ORZHU GXH WR
FRPSHWLWLRQ IRU UHVRXUFHV IURP DGMDFHQW
YHJHWDWLRQ ORVVHV GXH WR LQVHFWV VKDGLQJ IURP
WUHHV KHWHURJHQHLW\ RI VRLO IURP GLWFK VSRLOV DQG D
FRQYH[ ZDWHU WDEOH 0RUULV  IRXQG QR
DGYHUVH HIIHFWV IURP ILHOG ERUGHU YHJHWDWLRQ RQ
DGMDFHQW FRUQ DQG VR\EHDQ \LHOGV DW ILHOG HGJHV
7KH SUHVHQFH RI WUHHV UHGXFHG WKH \LHOG RI FRUQ
DQG VR\EHDQV DW ILHOG HGJHV EXW GLWFK SUHVHQFH
KDG QR HIIHFW (YHQ WKRXJK WKH FURSV ZHUH
GLIIHUHQW WKH\ DOO VKDUH VRPH FRPPRQ DUWKURSRG
SHVWV 2XU ILQGLQJV DJUHH ZLWK WKRVH RI 0RUULV
 ZKR VXJJHVWHG WKDW QHLWKHU ZHHGV QRU
LQVHFWV WKDW PD\ KDYH H[LVWHG LQ ILHOG ERUGHUV KDG
DQ\ VLJQLILFDQW LPSDFW RQ \LHOGV 7KH FRVW RI ILHOG
ERUGHUV LV WKXV UHODWHG WR IRUHJRQH FURS
SURGXFWLRQ DW WKH ILHOG HGJH ZKLFK ZDV
GHWHUPLQHG WR EH  NJ KDï IRU FRUQ DQG 
NJ KDï IRU VR\EHDQV +RZHYHU LQ PDQ\
FLUFXPVWDQFHV LQ HDVWHUQ 1RUWK &DUROLQD ILHOG
PDUJLQV DUH IXQFWLRQDO SURILW VLQNV GXH WR WKH
IDFWRUV OLVWHG DERYH DQG GLYHUVLRQ WR KHUEDFHRXV
ILHOG ERUGHUV KDV OLWWOH LI DQ\ LPSDFW RQ UHWXUQV WR
WKHJURZHU
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